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FILM-SEALED NON-AQUEOUS ELECTROLYTE BATTERY WITH 
5 IMPROVED SUREACE^TREATED LEAD TERMINAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

t) The present invention relates to a battery, and more particularly 

to a film-sealed non-aquc5ous electrolyte battery including a non-aqucous 
electrolytic Solution. 

2. Description of the Related Art 

5 Requirements for size reductions of various electronic devices 

have been on the increase. The importance for size reduction of the battery 
for realiidng the size reductions thereof has also been on he increase. It is 
effective that a battery element for generating a power is accommodated in 
a thin film outer case, such as a laminated film case. 

0 The laminated film case comprises laminations of metal foils or 

sealing polymer resin layers. The laminated film case may seal the battery 
element by a heat-application. A high reliabiUty of sealing the sealing 
portions of the laminated film case is necessary for isolating the battery 
element from an atmosphere and also preventing leakage of the electrolyte 
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of the battery element. 

The sealing reliability is particularly important for the battery 
including the non-aqueous electrolyte. If the sealing is imperfect to allow 
an entry of moisture from the outside of the battery case, then the 

5 electrolyte is deteriorated by the moisture, whereby the battery 
performance is deteriorated. Some batteries have such a shucture that metal 
plate-shaped lead terminals extend from the battery element through the 
scaling portion of the laminated film case toward the outside of the case. In 
this case, an adhered area between the metal plate-shaped lead terminals 

10 and a sealant layer of the laminated film case is likely to be deteriordtcd in 
sealing reliability to cause a peel between them and form a leak path. 

The leak path is likely to be formed through the deteriorated 
adhered surfaces of the sealant layer and the lead terminals for the 
following two reasons. First, it is generally difficult to obtain a strong 

15 adhesion between the metal surface and the polymer resin surface. Second, 
lithium salts of inorganic fluoride, for example, LiPFg have been used 
frequently for electrolyte salt of the non-aqueous electrolyte, and are likely 
to be decomposed to generate a fluorine acid which is capable of corrosion 
of metal, whereby the lead terminal surfaces arc corroded, resulting in a 

20 deterioration ui adhesion between the sealant layer and the lead terminals. 

In order to counter-measure the above problems, it was proposed 
that surface-treated lead terminals are used for the film-sealed non-aqueous 
electrolyte battery. Japanese laid-open patent publication No. 10-312788 
discloses chromate-trcatment to smfaces of the lead terminals to foira anti- 
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corrosion coating films on the surface of the lead temimals. The anti- 
corrosion coating films may prevent corrosion by the fluorine acid, for 
obtaining a desirable high sealing reliability. 

The chromate-treatmenl is superior than other surface treatments 
5 in view of the anti-corrosion property. The chromate lieatmcnt is carried 
out by using hcxavalent chromium (Cr(VI)) which is harmful substance, for 
which reason in the environmental viewpoint, it is desirable to use 
chromium-frcc smfece treatment 

As described above, it is desirable that the anti-coirosion coating 

10 film is formed on the lead terminal surface to improve the reliability of 
adhesion between the sealant layer and the lead temiinal, thereby obtaining 
a desirable high sealing reliability particularly of the film-scaled non- 
aqueous electrolyte battery. If the lead terminal is electrically connected to 
the battery element or an external device by a cramping method, a 

15 resistance welding method, or an ultrasonic welding method, it is necessary 
to avoid generation of the contact resistance at the contact point. It is also 
necessary to prevent that the anti-conosion coating fUm is dissolved into 
the electrolyte, resulting in a deterioration in performance of the battery. 

In the above circumstances, the development of a novel fihn- 

20 sealed non-aqueous electrolyte battery with improved surface-treated lead 
terminals free from the above problems is desirable. 

SUMMARY OF THE INVENTION 
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Accordingly, it is an object of the present invention to provide a 
novel film-scaled non-aqueous electrolyte battery with improved surface- 
treated lead terminals free from the above problems. 

It is a further object of the present invention to provide a novel 
5 film-sealed non-aqueous electrolyte battery with improved surface-treated 
lead terminals providing a high adhesion reliability between the lead 
terminals and a sealant layer. 

It is a still further object of the present invention to provide a 
novel fibn-!5calcd non-aqueous electrolyte battery with improved surface- 
10 treated lead terminals preventing any corrosion of the lead terminal by a 
fluorine acid. 

It is yet a further object of the present invention to provide a 
novel film-sealed non-aqueous electrolyte battery with improved surface- 
treated lead terminals preventing any generation of contact resistance 
15 between the lead terminals and a sealant layer. 

It is a furthermore object of the present invention to provide a 
novel film-scaled non-aqueous elecliolyte battery with improved surface- 
treated lead terminals having an appropriate breaking strength for allowing 
a coating fQm to be broken in electrical connection between the lead 
20 terminal and the battery clement, thereby avoiding any generation of 
contact resistance between the lead terminals and a sealant layer. 

It is moreover object of the present invention to provide a novel 
film-.sealeri non^aqueomi electrolyte battery with improved surface-treated 
lead terminals preventing that anti-conosion coating films on the lead 
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terminals are dissolved into an electrolyte. 

It is an object of flic present invention to provide a novel surface- 
treated lead terminal for a film-sealed non-aqueous electrolyte battery free 
from ihe above problems. 
5 It is a further object of the present invention to provide a novel 

surface-treated lead terminal for a film-sealed non-aqueous electrolyte 
battery providing a high adhesion reliability between the lead terminals and 
a sealant layer. 

It is a still further object of the present invention to provide a 
10 novel surface-treated lead terminal for a film-sealed non-aqueous 
electrolyte battery preventing any corrosion of the lead terminal by a 
fluorine acid. 

It is yet a further object of the present invention to provide a 
novel surface-treated lead tenninal for a film-scaled non-aqueous 
15 eleclToiytc battery preventing any generation of contact resistance between 
the lead terminals and a sealant layer. 

It IS a furthermore object of die present invention to provide a 
novel surface-treated lead terminal for a film-sealed non-aqueous 
electrolyte battery having an appropriate breaking strength for allowing a 
20 coating film to be broken m electrical connection between the lead terminal 
and the battery element, tiiereby avoidmg any generation of contact 
resistance between the lead terminals and a sealant layer. 

It is moreover object of the present invention to provide a novel 
surface-treated lead tenninal for a film-scaled non-aqueous electrolyte 
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batteTy prevenling that anti-corrosion coating films on the lead terminals 
are dissolved into an electrolyte. 

Hie present invention provides a fQm-sealed nonaqueous 
electrolyte battery comprising : a battery clement including a non-aqueous 
5 electrolyte ; a film case having at least a sealant polymer resin film for 
sealing the battery element ; at least a lead terminal extending &om the 
battery element and projecting from the film case, and the lead terminal 
with a surfecc having a contact area in contact directly with the sealant 
polymer resin fihn, and at least the contact area of the surface of the lead 
10 terminal is coated with an anti-corrosion coating film, wherein the anti- 
corrosion coatmg film includes : (A) a polymer of structural units of a 
phenolic compound, and at least a part of the structural units includes a 
substituent which comprises an amino group or a substituted amino group ; 
(B) a phosphate compound ; and (C) a titanium fluorine compound. 

The above and other objects, features and advantages of the 
present invention will be apparent from the following descriptions. 

BRffiF DESCRIPTION OF THE DRAWINGS 

20 Preferred embodiments acoording to the present invention will be 

described in detail with reference to the accompanying drawings. 

FIG. 1 is a schematic perspective view of a film-sealed non- 
aqueous electrolyte battery in a preferred embodiment in accordance with 
the present invention. 
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FIG. 2 is a cross secliunal elevation view illustrative of the film- 
sealed non-aqueous electrolyte battery, taken along an A-A' line of FIG. 1. 

FIG. 3 is an enlar^d fragmentaiy cross sectional elevation view 
of the film-sealed non-aqueous electrolyte battery^ taken along a B-B' line 
5 of FIG. L 

DETAILED DESCRIP-l ION OF THE PREFERRED EMBODIMENTS 

A first aspect of the present invention is a battery comprising : a 
10 battery element including a non-aqueous electrolyte ; a film case having at 
least a sealant polymer resin fihn for sealing the battery element ; at least a 
lead terminal extending from the battery element and projecting from the 
film case, and the lead terminal with a surface having a contact area in 
contact directly with the sealant polymer resin film, and at least the contact 
15 area of the surface of the lead terminal is coated with an anti-conosion 
coating film, wherein the anti-coirosion coating film includes : (A) a 
polymer of structural units of a phenolic compound, and at least a part of 
the structural units includes a substituent which comprises an amino group 
or a substituted amino group ; (B) a phosphate compound ; and (C) a 
20 titanium fluorine compound. 

It is possible that the anti-corrosion coating film has a thickness 
in the range of 5 nanometers to 1000 nanometers. 

It is possible that an entirety of the surface of the lead teiminal is 
coated with an anti-conosion coating film. 
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It is possible that (A) the polymer of structural units is 
represented by general formula (I) ; 



10 




(I) 



where "n" is an average polymerization degree in the range of 2 
to 50, "X" is a hydrogen atom, C1-C5 alkyl groups or C1-C5 hydroxy alkyl 
groups, "Y" is an oxygen atom or a Z-group which is represented by either 
15 one of general formulae (II) and (III) : 



CHj-N 



R. 



20 



CH2— N — R2 



ai) 



(HI) 



Page 8 



'02 01/22 23:16 FAI 03 3404 5748 IIVERSAL PATENT BUREAU 



where each of "Ri", "R2" and "R3" is independcntiy selected 
from Ci-Cio alkyl groups or Ci-Cio hydroxy alkyl groups, and an 
averaged number of the Z-groups bonded to each benzene ring is in the 
range of 0.2 to 1.0. 

It is possible that (A) the polymer of structural units is 
represented by general formula (IV) : 




15 

where "Xl" in each structural unit is independently selected from 
a hydrogen atom or Zl-gTOup which is represented by general formula (V) : 



jOl 

20 >v.j^2 (V) 



Where each of "Rl" and "R2" is independently selected from a 
hydrogen atom, Ci-Cio alkyl groups, or Ci-Cio hydroxy alkyl groups ; and 
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"Yl" in general formula (IV) is selected from a hydrogen atom, hydroxy! 
groups, C1-C5 alkyi groups, Ci-Cs hydroxy alkyl groups, C6-Ci2 aryl 
groups, benzyl groups or a group which is represented by general formula 
(VI): 



5 



(VI) 



10 



where each of "R3" and "R4" is independently selected from a 
hydrogen atom, Ci-Cio alkyl groups, or Ci-Cio hydroxy alkyl groups ; and 
if "Yl" is represented by the general formula (VI), then each "X2" is in 
15 each stmctural unit represented by the general formula (IV) is 
independently selected from a hydrogen atom or Z2-group which is 
represented by general formula (VII) : 



20 



CH2-N 

(VII) 



where each of "R5" and is independently selected from a 
hydrogen atom, Ci-Cio alkyl groups, or Ci-Cio hydroxy alkyl groups ; and 
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'T2" in the general formula (TV) represents a hydrogen atom or a part of a 
condensed benzene ring including '*Y1", "Y2" and a bonding between *'Y1" 
and "Y2" ; and where a total rate of introducing Zl-group and Z2-gfoup 
into each benzene ring is in the range of 0-2 ^ 1.0. 
5 It is possible that the (B) phosphate compound may oplionaJly be 

selected from the groups consisting of phosphoric acid, phosphate, 
condensed phosphoric acid, condensed phosphate, zirconium phosphate, 
and titanium phosphate. Examples of avaUablc salts are alkali metal salts 
such as ammonium sails, sodium salts, and potassium salts. 
1^ is possible that the (Q titanium fluorine compound may 

optionally be from the group oonsfeting of titanium hydrofluoric add, and 
titanium borofluoric add. 

It is possible that the lead terminal may comprise aluminum 

mainly. 

'5 It IS possible that the non-aqueous dectrolyte may include a 

lithium salt of an inorganic fluoride. 

The shape of the lead terminal is optional. For example, the lead 
terminal may have two generally flat surfaces opposite to each other, and 
an entirety of each of the two generally flat surfaces is coated with the anti- 
20 corrosion coatmg film. In this case, it is preferable that the lead terminal 
comprises a film-structure which further comprises : a metal foil ; and the 
anti-corrosion coating fibns coatmg the metal foil. 

It is also possible that a entirety of surface the lead terminal is 
coaled with the antj-corrosion coatmg Tilnis. In this case, it is preferable 
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that the lead terminal comprises : a core stmctufe comprising a metal foil ; 
and the anti-coirosion coating film coating the core structure. 

If the lead terminal has a sectioned area of circle and oval, iften it 
is preferable that the entirety of surface of the lead tenninal is coated with 
5 the anti-corrosion coating film. 

The anti-corrosion coating film improves a high adhesion 
reliability between the lead terminals and the sealant polymer resin film 
The anti-corrosion coating film prevents comosion of the surface of the lead 
terminal by contacting with a nuoiinc acid generated in the battery element, 
10 whereby preventing any deterioration of the adhesion between the lead 
tcrmmals and the sealant polyiucr resin film. 

As described above, the anti-corrosion coating film includes : (A) 
a polymer of structural units of a phenolic compound, and at least a part of 
the structural units includes a substituent which comprises an amino group 
15 or a substimted amino group ; (B) a phosphate compound ; and (C) a 
titanium fluorine compound. The anti-corrosion coating film is free of 
chromium compounds and chroraalc which are harmful in the 
environmental viewpoint 

The anti-corrosion coating film has an appropriate breaking 
20 strength for allowing the film to be broken in electrical connection between 
the lead terminal and the battery element through available methods such as 
a cramping method, a resistance welding method, or an ultrasonic welding 
method, thereby avoiding any generation of contact resistance between the 
lead terminals and the sealant polymer resin film. 
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The anti-corrosion coaling film prevents that anti-corrosion 
coating films on the lead terminals are dissolved into an electrolyte. 

In accordance with the present invention, the surface of flie lead 
terminal is treated with the phenolic compound polymer. Conventional 
5 methods of metal surface treatments with the phenolic compound polymer 
arc disclosed in Japanese laid-open patent publications Nos. 9-31404 and 
10-46101. Those conventional methods arc not available to form the anti- 
coTTosion coating film on the surface of the lead terminal of the film-scaled 
non-aqueous electrolyte battery. The present invention was made through 
1 0 further investigation and optimization to compositions of the anti-conosion 
coating film. 

PREFERRFn RMTtnrifMBNrr • 

A preferred embodiment according to the present invention will 
15 be described in detail with reference to the drawings. FIG. 1 is a schematic 
perspective view of a film-sealed non-aqueous electrolyte battery in a 
preferred embodiment in accordance with the present invention. FIG. 2 is a 
cross sectional elevation view illustrative of the film-sealed non-aqueous 
electrolyte battery, taken along an A-A' line of FIG. 1. KlG. 3 is an 
20 enlarged fragmentary cross sectional elevation view of the film-sealed non- 
aqueous electrolyte battery, taken along a B-B' line of FIG. 1 . 

llie film-sealed non-aqueous electrolyte battery mainly 
comprises a battery element 4 and a film case 5 which seals the battery 
element 4. The battery dement 4 includes a non-aquoous electrolyiv, a 
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positive electrode, a negative electrode and a separator. The film case 5 
further comprises laminations of a sealant polymer resin film 1, a metal foil 
2 and a thennaUy stable resin film. The sealant polymer resin film 1 may be 
fused or melt by heat application for sealing. The thermally stable resin 
5 film is the most outside film. In the drawings, the thermally stable resin 
film is not shown. 

ITic film-sealed non-aqueous electrolyte battery further includes 
a positive electrode lead teirainal 31 and a negative electrode lead terminal 
32. The positive electrode lead terminal 31 is electrically connected to the 

10 pasitivc electrode of the battery element 4. The negative electrode lead 
terminal 32 is electrically connected to the negative electrode of the battery 
element 4. The battery clement 4 and the positive electrode lead terminals 
31 and 32 are accommodated in the film case 5, provided that the positive 
electrode lead terminals 31 and 32 project outside from the film case 5 

15 through a sealing portion, where the positive electrode lead terminals 31 
and 32 are in contact directly and tightly with the sealant polymer resin 
films 1. As described below, at least one of the positive electrode lead 
terminals 31 and 32 is coated with an anti-coaosion film. 

20 [lead terminal stnictufe] 

Each of the positive electrode lead terminal 31 and the negative 
electrode lead terminal 32 may optionally compri.se a flat-plated metal with 
no particular limitation to width, thickness and length thereof. For example, 
the width of each of the positive electrode lead terminal 31 and the negative 
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electrode lead terminal 32 may be in the range of 1-50 mm. The length of 
each of the positive electrode lead terminal 31 and the negative electrode 
lead terminal 32 may be in the range of 5-100 mm. The thickness of each 
of the positive electrode lead tenninal 31 and the negative electrode lead 
5 terminal 32 may be in the range of 0.01-0.5 mm. 

'ITiere is no particular limitation to available materials for the 
positive electrode lead terminal 31 and the negative electrode lead terminal 
32. The know materials are available. For example, aluminum or aluminum 
alloys are available for the positive electrode lead terminal 31, whilst nickel, 
10 copper and alloys thereof arc also available for the negative electrode lead 
terminal 32. 

For example, the positive electrode lead terminal 31 may 
optionally comprise an aluminum fiat-platc coated with one or more anti- 
corrosion films having a thickness in the range of 5 nanometers to 1000 
15 nanometers. Preferably, an entirety of each of both surfaces of the 
aluminum flat-plate is coated with the anti-conosion film, provided that the 
both surfaces arc parallel to plane in which the sealant polymer resin films 
1 extend. 

The anti-corrosion film of the bad terminal is so thm as to have 
20 such an appropriate mechanical strength that the anti-corrosion film is 
allowed to be broken at connection point in electrical connection between 
the lead terminal and the battery element or between the lead terminal and 
other device than the battery, resulting in no generation of contact 
resistance. An ultrasonic welding method and a resistance welding arc 



Page 15 



'02 01/22 23:19 FAI 03 3404 5748 IIVERSAL PATENT BUREAU i024 



examples of the available method for electrically connecting the lead 
terminals to the battery element. In those methods, a welding point of the 
lead teiminal surface receives a friction and causes a micro-fiision or 
melting, whereby the Ihin anti-corrosion film is likely to be broken, thereby 
5 ensuring an electrical connection through welding between the lead 
terminal and the electrode of tiie battery element. The lead terminal may 
also be connected electrically to any available cramping methods, for 
example, using a crocodile clip. In this case, the thin anti-corrosion film is 
likely to be broken, thereby ensuring an electrical connection through 

10 welding between the lead terminal and the electrode of the battery element. 
In this viewpoint of allowing easy breaking the anti-corrosion fihn in 
cramping proofs or welding process for electrical connection between the 
lead terminal and the battery element, a preferable thickness of the anti- 
corrosion film is ranged from 5 nanometers to 500 nanometers. 

15 In view of allowing the anti-corrosion film to exhibit a sufficient 

anti-corrosion performance, the thickness of the anti-conosion film is 
preferably ranged from 50 nanometers to 1000 nanometers, and more 
preferably ranged from 100 nanometers to 500 nanometers. 

In view of allowing the anti-corrosion film to exhibit a sufficient 

20 anti-corrosion performance and also allowing easy breaking the anti- 
corrosion film in cramping process or welding process for electrical 
connection between the lead terminal and the battery element, the thickness 
of the anti-corrosion film is preferably fang«?d from 5 nanometers to 1000 
nanometers, and more preferably ranged from 50 nanometers to 500 
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nanometers, and fiirthet more preferably ranged from 100 nanometers to 
500 nanometers. 

Coating the anti-coitosion film on Ihc entirety of each of the 
opposite surfaces of the flat-plated lead terminal provides advantages that 
5 opposite surfaces of an original metal plate may be coated with the anti- 
corrasion films before the surface-coated metal plate may be shaped in a 
plurality of the lead terminals. 

The width of the lead terminal may, for example, be ranged from 
1 mm to 50 mm. The length of the lead terminal may, for example, be 

10 ranged from 5 mm to 100 mm. A metal foil may be used as a raw material 
for the lead terminals, wherein the metal foil has much wider width and 
much longer length than the above width and length of the lead terminals. 
The metal foil may be sUt and rolled In coil-like for allowing the slit metal 
M is cut at an appropriate length to shape the lead terminal. It is more 

15 effective to undo the coil of the slit metal foil for continuous surface 
treatment of the metal foil, and ooncuirently the surface-treated slit metal 
foil is again rolled in coil-like before the suifece-treated slit metal foil is 
released from the coil for cutting the same to shape the surface-treated lead 
terminal. 

20 The area of the coating film and the efficiency of coating process 

may depend on the timing or the step involved in the sequential processes 
for formmg the lead terminals. The cost of each lead tenninal also depends 
on the area of the coating film and the efficiency of the coating process. If 
the metal lofl is slit and then surface-treated with the anti-corrosion fihn. 
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then not only opposite surfaces of the slit metal foil but also slit-cut sides of 
the slit metal foil are surface-treated with the anti-coirosion film. 

It has been generally known that leak paths are likely to be 
fonned at sides of the lead terminal which is sealed by the fihn case. The 
5 anti-corrosion film may contribute to prevent formation of the leak paths 
because the sealant polymer resin film 1 is melt in the heat-sealing process, 
and the anti-corrosion film improves the wettability of the melt sealant 
polymer resin over the anti-corrosion film of the lead terminal. 

If the original metal foil is coated with the anti-corrosion film 

10 and then the surface-coated metal foil is cut at a predetermined with, then 
the soaioned surfaces of the cut surface-coaled metal foil are not coated 
with the anti-corrosion film. However, the process efficiency is higher than 
the above procesvses, wherein the original metal foil is cut at the 
predetermined with to form plural metal foils which are then surface-coated 

15 widi die anti-corrosion film. 

In the above described example, the lead terminal has a rectangle 
sectioned shape. It is also possible that the sectioned shape of the lead 
terminal is optional. For example, the circle or oval shape is of course 
available as iht sectioned shape of the lead terminal. 

20 Japanese kid-open patent publication No. 10-312788 discloses 

that the surface treatment is selectively carried out only to the sealing 
portion of the led terminal in considerations of a possible dissolution of the 
coating iilm into the electrolyte and also of a possible defect of welding the 
lead terminal to the electrode of the battery element, whereby the welding 
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defect causes the contact resistance. For carrying out the selective surface 
treatment, it was proposed that the coating film is selectively polished or 
dissolved, or proposed that the Surfece treatment is carried out by using a 
mask of a tape, for example, a mending tape. Those additional processes 
5 makes it difficult to achieve the efficient productivity. 

In accordance with the present invention, the anti-corrosion film 
prevents the generation of the contact resistance in electrical connection of 
the lead terminal to the electrode of the battery element. The anti-corrosion 
film is not dissolved into the electrolyte of the battery element, for which 

10 reason the entire surface of the lead terminal may be coated with the anti- 
corrosion film. It is not essential that the anti-conosion film selectively 
coats the sealing portion of the lead lerrainal. This allows that the original 
metal plate such as the original metal foil is surface-coated with the anti- 
coirosion film before the surface-coated metal plate is cut to be shaped in 

15 the lead terminals at the highly efficient processes. No additional processes 
such as selectively removing the anti-corrosion film are necessary. 

Japanese laid-open patent publications Nos. 9-31404 and 10- 
46101 disclose that titanium fluorine compound is mixed into a treating 
liquid containing phenol polymer and phosphate compound to prepare a 

20 treatment liquid which is then used for carrying out a surface treatment of 
the lead terminal. In order to improve the adhesion reliability between the 
lead terminal and the sealant polymer resin fihii» it is preferable that the 
anti-corrosion fihn contains phosphate compound. It is more preferable that 
anti-corrosion film contains both phosphate compound and titanium 
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fluorine compound for the following reasons, 

litanium fluorine Compound is dissociated in the treatment liquid, 
whereby hydrofluoric add is present in the treatment liquid. This 
hydrofluoric acid contributes to remove a natural oxide film on the metal 
5 surface and also to allow fonnation of the resin film as the anti-corrosion 
fihn, whereby the anti-corrosion film is stable. The use of the hydrofluoric 
acid containing treatment liquid is particularly effective to the lead terminal 
made of aluminum. In consideration of the oxide fihn over the metal 
surface of the lead terminal, hydrofluoric acid is intentionally added into 

10 the treatment liquid. In the various fluorine compounds, titanium fluorine 
compound is particularly preferable because a bridge is formed between 
phenol polymer and titanium, resulting in the strong anti-corrosion film. 

Titanium hydrofluoric acid and titanium borofluoric acid are 
examples of the preferable titanium fluorme compounds. For mixing 

15 titanium and hydroQuoric acid, it may be possible that titanil sulfate or 
titanium chloride is used together with hydrofluoric add. However, this 
method provides the following disadvantages. Soluble sulfuric ions or 
chlorine ions reside in the anti-corrosion iilm, and residual sulfuric ions or 
chlorine ions deteriorate the anti-corrosion property of the anti-corrosion 

20 film. The residual sulfuric ions or chlorine ions further reduces a rate of 
formation of bridge between titanium and phenol polymer, resulting in 
formation of the undesirable fragile coaring film. 

(battery element] 
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There are no particular limitations to the battery element 4 
including the positive and negative electrodes and the separator as essential 
elements. For example, the battery element 4 may comprise laminations of 
plural plate plates, a rolled structure of plates, and a flat-rolled structure of 
5 plates. In view of ensuring the large capacity, the flat-rolled structure of 
plates might be preferable. 



[positive electrode] 

There are no particular imitation to the positive electrode, 

10 provided that the positive electrode is capable of absorbing positive ions 
and emitting negative ions. Known materials for the positive electrode of 
the secondary battery are also available, for example, metal oxides such as 
LiMn02, LiMn204, LiCo02, and LiNiOi* electrically conductive polymers 
such as polyacetylenc and polyaniline, and disulfide compounds 

15 represented by a general formula (R - Sm)n, where R is aliphatic 
compound or aromatic compound, and S is sulfur, "m" is integer of not less 
than 1, and "n" is integer of not less than 1. Examples of the disulfide 
compounds are dithioglycol, 2,5-dimercapt-l^,4-thiadiazole, and S- 
tria7Jne-2,4,6-trtthtoL 

20 It is also possible that a positive electrode active material is 

mixed with a binder or a functional material to fonn the positive electrode. 
Examples of the available binder are halogen-containing polymers such as 

polyvinylideae fluoride. Examples of the functional maleri&ls are 

electrically conductive polymers such as acetylene black, poiypyrrole, and 
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polyaniline, polymer electrolytes ensuring ion-conductivity and complexes 
thereof. 

[negative electrode] 

5 Hicrc are also no particular limitations to the negative electrode, 

provided that the negative electrode is capable of absorbing and emitting 
cations. Examples of the available materials for the negative electrode are 
crystal carbons such as graphitizated carbons obtained by a high 
temperature heat treatment to namral black carbon, coal pitch and oil pitch, 
10 and amorphous carbons obtained by a heat treatment to coal, oil-pitch 
cokes, and acetylene-pitch cokes, as well as known negative elediodc 
active materials for the secondary battery such as metal lithium and lithium 
alloys such as AlU. 

IS [non-aqueous electrolyte] 

Examples of availably non-aqueous electrolytes arc obtained by 
dissolving a salt comprising an alkali metal as cation and a halogen- 
containing compound as anion into a highly poIari:>^ed basic solvent which 
is available for the electrolyte of the secondary battery. Examples of the 

20 available basic solvent are ethylene carbonate, propylene carbonate, 
dimethyl carbonate, diethyl carbonate, methyl-ethyl carbonate, gamraa- 
butyrolactone, N,N'-diinethylformamidc, dimethylsulfoxide, N- 
mcthylpyrolidone, and m-cresol Examples of the alkali metal as cation are 
Li, K, and Na. Examples of the haiogcn-containiag compound as anion are 
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CI04% BF4% PF6-, CF3SO3-, (CF3S02)2N-, (C2F5S02)2N-, (CF3S02)3C-, 
and (C2FsS02)3C". In view af the ion-conductivity, the sah comprising the 
inorganic fluoride such as PF6 and lithium is preferable. The salt 
comprising the inorganic fluoride such as LiPFg and lithium is likely to 
5 generate fluorine acid. However, the anti-corrosion j51m of the present 
invention is effective to prevent the above disadvantages due to the 
generated fluorine acid. Particularly, LiPF6 is preferable in view of the ion- 
conductivity. It is possible to use the basic solvents or the electrolytic salts 
solely 01 in combination of plural kinds thereof. The electrolyte may be in a 
10 solution or a geL 



[fllm case] 

The film case 5 may preferably comprise laminations of the 
metal thin film 2 and the sealant polymer resin film 1. The metal thin fflm 2 

15 acts as gas barrier film. The sealant polymer resin film 1 acts as sealing the 
film case 5. There are no particular limitation to the respective thicknesses 
of the metal thin film 2 and the sealant polymer resin film 1. The sealant 
polymer resin film 1 is the most inner tihn, A theiTn<illy stable protective 
layer is the most outer fQm, provided that the thermally stable protective 

20 layer is not illustrated in the drawings. Polyester, polyamidc and liquid 
crystal polymer are available as the protective layer. Thermoplastic reins 
are also available as the base materials for the sealant polymer resin film 1, 

for example, polyethylene^ polypropylene, lonomer, acidig-dcnatured 
polyethylene such as acidic-denatuicd polyethylene mateate, acidic- 
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denatured polypropylene such as acidic-denatured polypropylene mateate, 
polyethylene terephthalate (PET), polye%lcnc naphthalate (PEN), 
polyeihylene isophthalate (PEI)» a blend of PET and PEN, a blend of PET 
and PHI, polyamide Tesins, a blend of a polyamidc resin and PET, and a 
5 blend of 3cylilene base containing polyamidc and PET. Those reans may be 
used solely or in conibination to fonn a multi-layered structure of the 
sealant polymer resin film 1. Those multilayers may optionally be adhered 
by an adhesive agent Al, Sn, Co, Ni, and stainless steel are available as the 
metal layer 2 for acting as the gas barrier. A thickness of the metal layer 2 

10 may be ranged from 5 micrometers to 500 micrometers. 

The structure of the film case may be optional, provided that the 
film case has tfic sealant polymer resin film 1. It is possible to modify the 
structure of the film case like that the film case comprises a single-layered 
structuie of the fliermo-plastic resin film or comprises a double layered 

15 structure of the thermally stjiblc resin plastic resin acting as the gas barrier 
and the thermo-plastic resin film. 

[heat scaling method] 

The heal sealing process for sealing the film-sealed non-aqueous 
20 electrolyte battery may be carried out as follows. A heater may be sued 
which comprises a metal resistance in the form of ribbon or block. The 
heater may be pressed to the scaling portion of the film case 5 before » 
current may be applied to tiie heater at a predetermined time for generating 
a predetermined heat. A metal block maintained at a predeierminca 
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temperature may be pressed to the sealing portion of the film case 5. The 
lead tcnninal may be selectively heated by a high frequency induction 
heating method whilst the sealing portion of the film case 5 may be pressed. 
The lead terminal may be selectively heated by applying eddy current to 
5 the lead terminal to generate Joule's heat whilst the sealing portion of the 
film case 5 may be pressed. 

[thin secondary battery] 

There are no particular limitation to the manufacturing processes 

10 for the film-sealed non-aqueous electrolyte battery. The positive electrode 
lead terminal 31 and the negative electrode lead terminal 32 may be 
electrically connected to the battery element 4 by the ultrasonic welding 
method. The battery element 4 is enclosed by the film case 5, wherein the 
positive electrode lead terminal 31 and the negative electrode lead terminal 

15 32 project from a first side of the film case 5. The first side of the fihn case 
5 is heat-sealed, and one of the remaining two sides of the film case 5 is 
also heat-sealed. The electrolyte solution is injected through the remaining 
unsealed side of the film case 5, before the remaining unsealed side of the 
film case 5 is finally heat-scaled under a reduced pressure condition. 

20 The present invention is applicable to any film-scaled electric or 

electronic devices with at least a lead termirtal such as film-scaled electric 
double layer capacitors, film-sealed electrolyte capacitors and film-sealed 
sensors. 
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F,XAMPT,F,1 : 

Lithium manganatc powers of spinel strucluie^ carbon donor 
providing a conductivity, and polyvinylldene fluoride were blended at 
weight ratios of 90 ; 5 : 5 to form N-mcthylpyrolidone (hereinafter rcfcrccd 
5 to as NMF). NMP was then stined to form a slurry containing NMP. An 
amount of NMP was adjusted in consideration of viscosity of the slurry. 
The slurry was uniformly applied by a doctor blade onto a first surface of 
an aluminum foil of 20 micrometers in thickness which is a positive 
collector for subsequent dry process in vacuum pressure at l(XfC for 2 

10 hours. Tlic slurry was also uniformly applied onto a second surface of the 
aluminum foil for subsequent dry process in vacuum pressure. This sheet 
was then rolled and pressed to form a positive electrode active material 
layer. A theoretical capacity was 600 mAh. 

Amorphous carbon powers, and polyvinylidcne fluoride were 

15 blended at weight ratios of 91 : 9 to foim N-methylpyrolidone (hereinafter 
rcfereed to as NMP). NMP was then stirred to form a slurry containing 
NMP. An amount of NMP was adjusted in consideration of viscosity of the 
slurry. The slurry was uniformly applied by a doctor blade onto a first 
surface of a copper foil of 10 micrometers in thickness which is a negative 

20 collector for subsequent dry process in vacuum pressure at 100*0 for 2 
hours. A ratio in theoretical capacity for a unit area of the negative 
electrode layer to the positive electrode layer was adjusted to be 1 : 1. The 
slurry was also unifonnly applied onto a second surface of the copper foU 
for subsequent dry process in vacuum pressure. This sheet was then rolled 
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and pressed to form a ttegalivc electrode active material layer. 

TwaininationS of the positive electrode collector layer, a micro- 
pours separator and the negative electrode collector layer were prepared. 
The micro-pours separator has a tiiplc-layered structure com^prising a 
5 polypropylene layer, a polyethylene layer, and a polypropylene layer. The 
laminations were rolled around a core with a oval sectioned shape and then 
subjected to a heat press to form a thin oval-shaped electrode-xoUed 
structure. A flat-plate aluminum lead terminal as a positive electrode lead 
terminal and a flat plate nickel lead terminal as a negative electrode lead 

10 terminal were connected by a ultrasonic welding method to the positive 
electrode collector and the negative electrode collector respectively. Each 
of the flal-platc alumhium lead terminal and the flat plate nickel lead 
tenninal has the same siscs of 4 mm in width, 0.1 mm in thickness and 100 
mm in length- The positive electrode lead terminal was surface-treated as 

15 follows. 

A rolled structure of an aluminum flat plate with sizes of 4 mm in 
width, 0.1 mm in thickness and 100 mm in length was prepared, The 
alumimmi flat plate was pull out &om the rolled structure for subsequent 
surface-treatment thereto before the surface-treated aluminum flat plate 
20 was again rolled. The surface-treatment was carried out by applying a 
surface treatment liquid onto first and second main surfaces and side faces 
of the aluminuin flat plate, whereby a coaling film of 200 n^ometers in 
thickness were formed on the first and second main surfaces and the side 
faces of the aluminum flat plate, and further dry process at 120^ for 20 
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seconds. The used surfece treatment liquid includes (A) a polymer of 
structural units of a phenolic compound, where at least a part of the 
structural units includes a substiturait which comprises an amino group or a 
substituted amino group ; (B) a phosphate compound ; and (C) a titanium 
5 fluorine compound. The surface-treated aluminum flat plate was then cut 
out at 100 mm to form a plurality of the positive electrode lead terminal. 
The surface treatment liquid is commercially available from Nihon 
Parkerizmg Co., I-td. 

A laminate j51m was prepared, which comprises an acidic- 

10 denatured polypropylene layer, an adhesive agent layer, and a nylon layer, 
wherein the laminate film has a total thickness of 0.13 mm and the acidic- 
denatured polypropylene layer has a thickness of 0.05 mm. The laminate 
film was then cut out at a predetermined size. A concave portion was 
selectively formed in the cut laminate film, wherein the concave portion 

15 has a size adjusted to the electrode-rolled structure. The laminate film was 
folded to enclose the elecingde-rolled Structure, and three sides of the 
laminate film were then heat-sealed, thereby preparing a film-sealed battery 
as shown in FIGS. 1, 2 and 3. 

The above heat-scaling process was carried out at IQO'C for lO 
20 seconds, wherein the positive electrode lead terminal and the negative 
electrode lead terminal project from the above first side of the laminate 
film. The above first side, from which the positive electrode lead terminal 
and the negative electrode lead terminal project, was opposite to the folding 
side. The above first and second sides of the laminate fihn were hcat-sealed 
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and then the electrolyte was impregnated into the electrode-rolled structure 
before the third side of the laminate film was hcat-scaled. The electrolyte- 
impregnated electrode-rolled structure substantially corresponds to the 
battery element 4 shown in FIGS. 2 and 3. The electrolyte was used which 
5 comprise a Imol/liter of UFFe as a supporting salt and a mixing solvent of 
diethyl carbonate and ethylene carbonate of 50 : 50 in weight ratio. 

A width of the sealing portion on the first side, from which the 
positive electrode lead terminal and the negative electrode lead terminal 
project, was 4.5 mm. A width of the sealing portions on the second and 
10 third sides was 4.0 mm. A thickness of the battery was 3.6 mm. The film- 
sealed battery of Example 1 was completed. 

EXAMPTJ.?,: 

Lithium manganate powers of spinel structure, carbon donor 
15 providing a conductivity, md polyvinylidenc fluoride were blended at 
weight ratios of 90 : 5 : 5 to form N-methylpyrolidonc (hereinafter refcreed 
to as NMP). NMP was then stirred to form a sluiiy containing NMR An 
amount of NMP was adjusted in consideration of viscosity of the slurry. 
The slurry was uniformly applied by a doctor blade onto a first surface of 
20 an aluminum foil of 20 micrometers in thickness which is a positive 
collector for subsequent dry process in vacuum pressure at \00rC for 2 
hours. The slurry was also uniformly applied onto a Second suTfa<» of the 

aluminum foil for subsequetit dry process in vacuum pressure. This sheet 
was then roiled and pressed to form a positive electrode active material 
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layer. A theoretical capacity was 600 mAh. 

Amorphous carbon powers, and polyvinylidene fliioride were 
blended at weight ratios of 91 : 9 to form N-methylpyrolidonc (hereinafter 
refereed to as NMP). NMP was then stirred to form a slurry containing 
5 NMP. An amount of NMP was adjusted in consideration of viscosity of the 
sluny. The slurry was unifonnly applied by a doctor blade onto a first 
surface of a copper foil of 10 micrometers in thickness which is a negative 
collector for subsequent dry process in vacuum pressure at 100*C for 2 
hours. A ratio in theoretical capadty for a unit area of the negative 

10 electrode layer to the positive electrode layer was adjusted to be 1 : 1. The 
sluny was also uniformly applied onto a second surface of the copper foil 
for subsequent dry process in vacuum pressure. This sheet was then rolled 
and pressed to form a negative electrode active material layer. 

Laminations of the positive electrode collector layer, a micro- 

15 pours separator and the negative electrode collector layer were prepared. 
The micro-pours separator has a triple-layered structure comprising a 
polypropylene layer, a polyethylene layer, and a polypropylene layer. The 
laminations were rolled around a core with a oval sectioned shape and then 
subjected to a heat press to form a thin oval-shaped electrode-rolled 

20 structure. A flat-plate aluminum lead terminal as a positive electrode lead 
terminal and a flat plate nickel lead terminal as a negative electrode lead 
terminal were connected by a ultrasonic welding method to the positive 
electrode collector and the negative electrode collector respectively. Each 
of the flat-plalc aluminum lead tenninal and the flat plate nickel lead 
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terminal has the same sizes of 4 mm in width, 0.1 mm in thickness and 100 
mm in length. The positive electrode lead teraiinal was sufface-tfeated as 
follows. 

A rolled structure of an aluminum flat plate with sizes of 40 mm 
5 in width, 0.1 mm in thickness and 100 mm in length was prepared. The 
aluminum flat plate was pall out from the rolled structure for subsequent 
surface-treatment thereto before the surface-treated aluminum flat plate 
was again rolled. The rolled-structure of the surface-treated plate with the 
wide width of 40 mm was then slit at a width of 4 mm. 

The surface-treatment was carried out by applying a surface 
treatment liquid onto first and second main surfaces and side faces of the 
aluminum flat plate, whereby a coating film of 50 nanometers in thickness 
were formed on the first and second main surfaces and the side faces of the 
aluminum flat plate, and further dry process at 120*C for 20 seconds. The 

1 5 used surface treatment liquid includes (A) a polymer of Structural units of a 
phenolic compound, where at least a part of the structural units includes a 
substituent which comprises an amino group or a substimted amino group ; 
(B) a phosphate compound ; and (C) a titanium fluorine compound. The 
surface-treated aluminum flat plate was then cut out at 100 mm to form a 

20 pluraUty of the positive electrode lead terminal. The surface treatment 
liquid is conunercially available from Nihon Parkcrizing Co., Ltd. 

A laminate film was prepared, which comprises an acidic- 
denatured polypropylene layer, an adhesive agent layer, and a nylon layer, 
wherein the laminate film has a total thickness of 0.13 mm and the acidic- 
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denatured polypropylene layer has a thickness of 0.05 mm. The laminate 
film was then cut out at a predetennined size. A concave portion was 
selectively formed in the cut laminate film, wherein the concave portion 
has a size adjusted to the electrode-rolled structure. The laminate tilm was 
5 folded to enclose the elecirode-rollcd structure, and three sides of the 
laminate film were then heat-scalcd, thereby preparing a film-sealed battery 
as shown in FIGS. 1 , 2 and 3. 

The above hcat-sealing process was carried out at 190V, for 10 
seconds, wherein the positive electrode lead terminal and the negative 

10 electrode lead terminal project from the above first side of the laminate 
film. Tlic above first side, fiom which the positive electrode lead terminal 
and the negative electrode lead terminal project, was opposite to the folding 
side. The above first and second sides of the laminate fihn were heat-sealed 
and then the electrolyte was impregnated into the electrode-rolled structure 

15 before the third adc of the laminate film was heat-sealed. The electrolyte- 
iirtpregnatcd electrode-rolled structure substantially corresponds to the 
battery element 4 shown in FIGS. 2 and 3. The electrolyte was used which 
comprise a Imol/liter of LiPFe as a supporting salt and a mixing solvent of 
diethyl carbonate and ethylene carbonate of 50 : 50 in weight ratio. 

20 A width of the scaling portion on the first side, from which the 

positive electrode lead terminal and the negative electrode lead terminal 
project, was 4.5 mm. A width of the sealing portions on the second and 
third sides was 4.0 mm. A thickncsss of the battery was 3.6 mm. The film- 
scaled battery of Example 2 was completed. 
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The film-sealed battery was prepared in the same manner as in 
Example 1, except that the surface-untreated aluminum plate was used for 
5 the positive electrode lead tenninal. 

COMPARATTVF. F.YA MPT R 7 • 

'ITic filni-sealed battery was prepared in the same manner as in 
Example 1, except that the surface treatment to the aluminum plate was 
10 carried out by using a zirconium phosphate based surface treating liquid 
which is commercially available from Nihon Parkcrizmg Co.. Ltd. 

[evaluation method] 

Two of the battery of Example 1 , two of the battery of Example 2, 

15 two of the battery of Comparative Example 1 and two of the battery of 
Comparative Example 2 were prepared for the following evaluations. First 
one of the two batteries of each of Examples 1 and 2 emd Comparative 
Examples 1 and 2 was subjected to the following peeling test immediately 
after the battery was prepared. The second one was subjected to the peeling 

20 test after the following SOO-cyclc charge/discharge test was carried out. 

The peeling test was carried out as follows. Immediately after the 
battery was prepared, the aluminum lead teiminal as the positive electrode 
lead terminal and the sealing portion on the first side of the laminate film 
was cut out, and the laminate film was further cut at the same width as the 
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aluminum lead terminal. By use of a stress measuring device. Hie laminate 
£Qm was peeled from the aluminum lead terminal as the positive electrode 
lead terminal, wherein a pair of tensile chucks fixing the lead terminal and 
the laminate film was distanced at a constant speed with continuous 
5 recording the increasing stress. A length in a tensile direction of the 
adhered region with an adhesion strength of not less than IN/mra was 
measured , wherein this length is refereed to as "adhesion region length". 

ITie cycle test was caiiicd out by 500-cycIcs charge-discharge 
processes at 45'C. The charge up to 4.2V was carried out at 600 mA, 
10 including a constant voltage charge process at 4.2V. ITie discharge up to 
3.0V was carried out at 600 mA. The 500-cycles chargc-dischaige 
processes took about ten weeks. After the 500-cyclc charge/dischaigc test 
was carried out, then the peeling test was carried out to the second one of 
the battery. 

15 

(evaluation on adhesion reliability] 

The following Table 1 shows relative values of the adhesion 
region lengths of the respective first and second batteries of each of 
Examples 1 and 2 and Comparative Examples 1 and 2, wherein the 
20 measured adhesion region length of the first battery of Example 1 was 
represented to be 1 as a reference, and other measured adhesion region 
lengths of the second battery of Example 1 and the first and second 
batteries of Example 2 and Comparative Examples 1 and 2 are represented 
to be relative values with reference to that of the first battery of Example 1. 
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TABLE 1 



5 





Direct peeling test 


Peeling test after 500-cyde test 




HiTSt battery 


Second hatfery 


Fxample 1 


1.0 


1.0 


Example 2 


1.0 


1.0 


CompRx. 1 


1.0 


0.2 


Comp.Ry. 2 


1.0 


0.8 



In the direct pealing test immediately after the batteries were 
prepared, it was confirmed that the adhesion region length between the 
laminate film and the positive electrode lead terminal is uniform in 
Examples 1 and 2 and Comparative Examples 1 and 2. 
15 In the pealing test after the 500-cycle test was carried out, ii was 

confirmed that the adhesion region length between the laminate film and 
the positive electrode lead terminal is uniform in Examples 1 and 2 but is 
20% in Comparative Example 1 and 80% in Comparative Example 2. 

20 [evaluation on cyclic characterigtic] 

The batteries in Examples 1 and 2 exhibited almost uniform 
performances from first to five hundredth cycles. This result shows that no 
contact resistance was generated at a connection point between the lead 
terminal and the battery clement as well as another connection point 
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between the lead terminal and the used charge/discharge apparatus* This 
result also shows that the anti-cotTosion film on the lead tenninal was not 
disclosed into the electrolyte* 

Although the invention has been described above in connection 

5 with several preferred embodiments therefor, it will be appreciated that 
those embodiments have been provided solely for illustrating the invention, 
and not in a limiting sense. Numerous modifications and substitutions of 
equivalent materials and techniques will be readily apparent to those skilled 
in the art after reading the present application, and all such modijBcations 

10 and substitutions are expressly understood to fail within the true scope and 
spirit of the appended claims. 
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